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DESCRIPTION 

METHOD FOR REMOVING SOLVENT FROM POLYMER SOLUTION 
AND- APPARATUS FOR REMOVING SOLVENT FROM POLYMER SOLUTION 

Technical Field 

The present invention relates to a method for removing 
solvent from polymer solution and an apparatus for removing 
solvent from polymer solution . More specifically, the invention 
relates to a method for efficiently removing solvent from polymer 
solution generated by solution polymerization, and an apparatus 
for removing solvent from polymer solution, which is used 
therein. 

Background Art 

Polymer contained in polymer solution generated by 
solution polymerization is generally recovered by rinsing the 
polymer solution in water, decomposing and removing catalyst 
residues and the like, and subsequently treating the resulting 
solution by evaporation process to remove volatile components 
such as solvent and unreacted monomers or a small amount of 
residual water from polymer solution. During the treatment by 
evaporation process, traditionally, solvent has been removed 
by steam stripping . The steam stripping is carried out by feeding 
steam generally from the bottom of a tank for removing solvent 
into the tank to put the solvent in contact with steam. 
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By the steam stripping method including feeding steam from 
the bottom of a single tank unit for removing solvent or the 
like, however, the inside of the system reaches an equilibrium 
state, so that there is a tendency that efficient removal of 
solvent cannot be performed. By a method for removing solvent 
including putting polymer solution in contact with steam using 
a gas-liquid mixer or the like, additionally, efficient removal 
of solvent is very difficult as well. 

It is an object of the invention to provide a method for 
efficiently removing solvent from polymer solution generated 
by solution polymerization process and an apparatus for removing 
solvent from polymer solution, for use in the solvent removal. 

Disclosure of the Invention 

So as to suppress the reduction of the solvent removal 
efficiency because of the attainment of an equilibrium state 
in the inside of a tank for removing solvent, attempts were made 
to remove solvent by preparing the gas phase and liquid phase 
inside the tank for removing solvent into different equilibrium 
states to prepare the inside of one tank into pseudo-multi-steps . 
Specifically, attempts were made to improve the solvent removal 
efficiency by feeding a part of steam into a tube and feeding 
the remaining part thereof from the bottom of a tank for removing 
solvent to reduce the partial pressure of solvent in the gas 
contained in the liquid phase. According to the method, solvent 



2 



is vaporized in the tube, so that the solvent can be separated 
from crumb to a certain level when the polymer solution is charged 
into the tank for removing solvent. Because fresh steam is 
fed from the bottom thereof , additionally, the partial pressure 
of solvent in the liquid phase is smaller than that in the gas 
phase, so that solvent is further removed. Consequently, 
solvent removal can be done efficiently as a whole. 

The invention is achieved on the basis of such findings. 

The invention is as follows. 

1. A method for removing solvent from polymer solution 
by putting the polymer solution in contact with steam to remove 
the solvent by steam stripping, including a step of feeding a- 
part of the steam into a tube for transferring polymer solution 
to a tank for removing solvent , and a step of feeding the remaining 
part of the steam into the inside of the tank for removing solvent . 

2 . A method for removing solvent from polymer solution 
as described in the above item 1, wherein a gas-liquid mixer 
is arranged in the tube and a part of the steam is fed into the 
gas-liquid mixer. 

3. A method for removing solvent from polymer solution 
as described in the above item 1, wherein the amount of the steam 
to be fed into the tube is at 10 to 90 % by mass when the whole 
amount of the steam is defined as 100 % by mass. 

4 . A method for removing solvent from polymer solution 
as described in the above item 1, wherein the polymer contained 
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in the polymer solution is butadiene rubber, isoprene rubber, 
styrene / butadiene rubber, styrene / isoprene rubber, ethylene 
/a-olef in copolymer rubber, ethylene / a-olef in / non-conjugated 
diene copolymer rubber, butyl rubber, styrene /.butadiene / 
styrene block copolymer, hydrogenated styrene / butadiene / 
styrene block copolymer, butadiene resin or acrylic resin. 

5. A method for removing solvent from polymer solution 
as described in the above item 1, wherein the solvent is at least 
one selected from the group consisting of cyclohexane, 
cyclopentane, cycloheptane, toluene, benzene, xylene, n-hexane, 
n-pentane, isopentane, n-heptane, n-octane, n-decane, and 
dichloromethane . 

6. A method for removing solvent from polymer solution 
as described in the above item 1, wherein the boiling point of 
the solvent at a pressure of 0.1 MPa is 25 to 180 ^^C. 

7. A method for removing solvent from polymer solution 
as described in the above item 1, wherein the polymer solution 
is continuously fed into the tank for removing solvent and the 
polymer contained in the polymer solution is continuously 
recovered. 

8 . A method for removing solvent from polymer solution 
as described in the above item 1, wherein the amount of the steam 
to be fed into the tube is 0.5- to 2-folds of the theoretical 
amount thereof required for the evaporation of the solvent. 

9. A method for removing solvent from polymer solution 
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as described in the above item 1, wherein the tank for removing 
solvent is equipped with at least one selected from the following 
members (1), (2) and (3): 

(1) a partition member arranged beneath the position 
where a flush nozzle arranged in communication with the tube 
for transferring polymer solution is opened, so that the gas 
phase part of the tank for removing solvent may be partitioned 
into an upper part and a lower part, to suppress the flow of 
the solvent vapor discharged from the flush nozzle down to the 
side of the liquid phase; 

(2) a sprinkler arranged inside the tank for removing 
solvent to sprinkle warm water so as to suppress polymer adhesion 
or make deposited polymer flow down to the liquid phase part; 

(3) a flush nozzle structure to reduce the flush speed 
of the polymer solution discharged from a flush nozzle arranged 
in communication with the tube for transferring polymer solution 
and. to suppress the flow of the solvent vapor down to the side 
of the liquid phase. 

10 . A method for removing solvent from polymer solution 
as described in the above item 2, wherein the tank for removing 
solvent is equipped with at least one selected from the following 
members (1), (2) and (3): 

(1) a partition member arranged beneath the position 
where a flush nozzle arranged in communication with the tube 
for transferring polymer solution is opened, so that the gas 
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phase part of the tank for removing solvent may be partitioned 
into an upper part and a lower part, to suppress the flow of 
the solvent vapor discharged from the flush nozzle down to the 
side of the liquid phase; 

(2) a sprinkler arranged inside the tank for removing 
solvent to sprinkle warm water so as to suppress polymer adhesion 
or make deposited polymer flow down to the liquid phase part; 

(3) a flush nozzle structure to reduce the flush speed 
of the polymer solution discharged from a flush nozzle arranged 
in communication with the tube for transferring polymer solution 
and to suppress the flow of the solvent vapor down to the side 
of the liquid phase. 

11. An apparatus for removing solvent, including a tank 
for removing solvent, a tube for transferring the polymer 
solution to transfer the polymer solution to the tank for removing 
solvent, one end of which is opened in the tank for removing 
solvent, a steam feed tube for piping, which is in communication 
with the tube for transferring polymer solution to feed steam 
to the tube, and a steam feed tube for tank, one end of which 
is opened in the tank for removing solvent. 

12- An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with a 
gas-liquid mixer arranged in the tube for transferring polymer 
solution, and a steam feed tube for the gas-liquid mixer, which 
is in communication with the tube for transferring polymer 
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solution or the gas-liquidmixer to feed steam into the gas-liquid 
mixer. 

13. An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with a 
partition member arranged beneath the position where a flush 
nozzle arranged in communication with the tube for transferring 
polymer solution is opened, so that the gas phase part of the 
tank for removing solvent may be partitioned into an upper part 
and a lower part, to suppress the flow of the solvent vapor 
discharged from the flush nozzle down to the side of the liquid 
phase. 

14. An apparatus for removing solvent as described in 
the above item 13, wherein the partition member has a corn-type 
shape slanting downward from the side of the inner wall of the 
tank for removing solvent toward the side of the center thereof 
and has an opening only on the center part thereof. 

15. An apparatus for removing solvent as described in 
the above item 12, wherein the apparatus is equipped with a 
partition member arranged downward the position where a flush 
nozzle arranged in communication with the tube for transferring 
polymer solution is opened, so that the gas phase part of the 
tank for removing solvent may be partitioned into an upper part 
and a lower part, to suppress the flow of the solvent vapor 
•discharged from the flush nozzle down to the side of the liquid 
phase - 
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16. An apparatus for removing solvent as described in 
the above item 15, wherein the partition member has a corn-type 
shape slanting downward from the side of the inner wall of the 
tank for removing solvent toward the side of the center thereof 
and has an opening only on the center part thereof. . 

17. An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with a 
sprinkler arranged inside the tank for removing solvent to 
sprinkle warm water so as to suppress crumb adhesion or make 
deposited crumb flow down to the liquid phase part. 

18. An apparatus for removing solvent as described in 
the above item 12, wherein the apparatus is equipped with a 
sprinkler arranged inside the tank for removing solvent to 
sprinkle warm water so as to suppress crumb adhesion or make 
deposited crumb flow down to the liquid phase part. 

19. An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with a flush 
nozzle structure to reduce the flush speed of the polymer solution 
discharged from a flush nozzle arranged in communication with 
the tube for transferring polymer solution and to suppress the 
flow of the solvent vapor down to the side of the liquid phase. 

20. An apparatus for removing solvent as described in 
the above item 19, wherein the flush nozzle structure is a flush 
nozzle with a branch tube arranged on the side of the tip end 
thereof. 
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21. An apparatus for removing solvent as described in 
the above item 20, wherein the apparatus being equipped with 
a member for suppressing crumb dispersion, and the member is 
arranged on the tip end of the flush nozzle and is opened toward 
the downwardness of the tank for removing solvent. 

22. An apparatus for removing solvent as described in 
the above item 19, wherein the flush nozzle structure is equipped 
at least with a cylinder opened toward the downward portion of 
the tank for removing solvent and a flush nozzle arranged in 
communication with the tube for transferring polymer solution 
and opened toward the diameter direction of the cylinder in the 
vicinity of the inner wall face of the cylinder. 

23. An apparatus for removing solvent as described in 
the above item 19, wherein the flush nozzle structure is a spiral 
tube arranged in communication with the tube for transferring 
polymer solution and formed in a spiral shape along the vertical 
direction of the tank for removing solvent, where an opening 
is arranged toward the downwardness of the tank for removing 
solvent. 

24. An apparatus for removing solvent as described in 
the above item 12, wherein the apparatus is equipped with a flush 
nozzle structure to reduce the flush speed of the polymer solution 
discharged from a flush nozzle arranged in communication with 
the tube for transferring polymer solution and to suppress the 
flow of the solvent vapor down to the side of the liquid phase. 
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25. An apparatus for removing solvent as described in 
the above item 24, wherein the flush nozzle structure is a flush 
nozzle with a branch tube arranged on the side of the tip end 
thereof. 

26. An apparatus for removing solvent as described in 
the above item 25, wherein the apparatus is equipped with a member 
for suppressing crumb dispersion, where the member is arranged 
on the tip end of the flush nozzle and is opened toward the downward 
portion of the tank for removing solvent. 

27. An apparatus for removing solvent as described in 
the above item 24 , wherein the flush nozzle structure is equipped 
at least with a cylinder opened toward the downward portion of 
the tank for removing solvent and a flush nozzle arranged in 
communication with the tube for transferring polymer solution 
and opened toward the diameter direction of the cylinder in the 
vicinity of the inner wall face of the cylinder. 

28. An apparatus for removing solvent as describe in 
the above item 24, wherein the flush nozzle structure is a spiral 
tube arranged in communication with the tube for transferring 
polymer solution and formed in a spiral shape along the vertical 
direction of the tank for removing solvent, where an opening 
is arranged toward the downwardness of the tank for removing 
solvent . 

29. An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with: 
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a partition member arranged beneath the position where 
a flush nozzle arranged in communication with the tube for 
transferring polymer solution is opened so that the gas phase 
part of the tank for removing solvent may be partitioned into 
an upper part and a lower part, to suppress the convection current 
of the solvent vapor discharged from the flush nozzle toward 
the side of the liquid phase; and 

a sprinkler arranged inside the tank for removing solvent 
to sprinkle warm water so as to suppress polymer adhesion or 
make deposited polymer flow down to the liquid phase part. 

30. An apparatus for removing solvent as described in 
the above item 12, wherein the apparatus is equipped with: 

a partition member arranged beneath the position where 
a flush nozzle arranged in communication with the tube for 
transferring polymer solution is opened so that the gas phase 
part of the tank for removing solvent may be partitioned into 
an upper part and a lower part, to suppress the convection current 
of the solvent vapor discharged from the flush nozzle toward 
the side of the liquid phase; and 

a sprinkler arranged inside the tank for removing solvent 
to sprinkle warm water so as to suppress polymer adhesion or 
make deposited polymer flow down to the liquid phase part. 

31- An apparatus for removing solvent as described in 
the above item 11, wherein the apparatus is equipped with: 

a sprinkler arranged inside the tank for removing solvent 
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to sprinkle warm water so as to suppress polymer adhesion or 
make deposited polymer flow down to the liquid phase part; and 

a flush nozzle structure to reduce the flush speed of the 
polymer solution discharged from a flush nozzle arranged in 
communication with the tube for transferring polymer solution 
and to suppress the flow of the solvent vapor down to the side 
of the liquid phase. 

32, An apparatus for removing solvent as described in 
the above item 12, wherein the apparatus is equipped with: 

a sprinkler arranged inside the tank for removing solvent 
to sprinkle warm water so as to suppress polymer adhesion or 
make deposited polymer flow down to the liquid phase part; and 

a flush nozzle structure to reduce the flush speed of the 
polymer solution discharged from a flush nozzle arranged in 
communication with the tube for transferring polymer solution 
and to suppress the flow of the solvent vapor down to the side 
of the liquid phase. 

Effects of the Invention 

According to the method for removing solvent from polymer 
solution in accordance with the invention, solvent can 
efficiently be removed from polymer solution. 

When the amount of the steam to be fed into the tube is 
at 10 to 90 % by mass provided that the whole amount of the steam 
is defined as 100 % by mass, solvent can more efficiently be 
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removed. 

Further, in case that the polymer contained in the polymer 
solution is a specific one, a polymer with a smaller content 
of residual solvent can be obtained. 

In case that the solvent is a specific one, additionally, 
the concentration of the residual solvent can be reduced more 
readily. 

In case that the boiling point of the solvent at a pressure 
of 0 . 1 MPa is within a specific range, solvent removal via contact 
with steam can be done more efficiently. 

In case that the feeding of a polymer solution into the 
tank for removing solvent and the recovery of the polymer therein 
from the polymer solution are continuously done, the polymer 
with a smaller content of the residual solvent can be obtained 
efficiently. 

In case that the amount of the steam to be fed into the 
tube is 0.5- to 2-folds of the theoretical amount thereof 
required for the evaporation of the solvent, solvent removal 
can be done more securely. 

By the apparatus of the invention, solvent can efficiently 
be removed from polymer solution, although the apparatus is a 
very simple one. 

In case that a gas-liquid mixer is arranged in the tube 
for transferring polymer solution, solvent can be removed more 
ef f iciently - 
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In case that a partition member, particularly a partition 
member with an opening only on the center part thereof is arranged, 
solvent separated from polymer descends in the tank for removing 
solvent with much difficulty so the solvent can be removed more 
efficiently. 

In case that a sprinkler is arranged to sprinkle warm water 
so as to suppress polymer adhesion or make deposited polymer 
flow down to the liquid phase part, crumb adhesion on the inner 
wall face of the tank for removing solvent and the like can 
sufficiently be prevented. 

In case that the apparatus is additionally equipped with 
specific flush nozzle structures such as flush nozzle with a 
branch tube arranged on the side of the tip end thereof, flush 
nozzle of cyclone type or flush nozzle of spiral type, crumb 
can readily be flushed toward the liquid phase part downward 
so that crumb adhesion on the inner wall face of the tank for 
removing solvent can be prevented. 

In case that a member for suppressing crumb dispersion 
is arranged on the tipendpart of such f lushnozzle, crumb adhesion 
on the inner wall face of the tank for removing solvent can more 
efficiently be prevented. 

As the ^^polymer solution", solutions containing polymer 
and solvent as generated by solution polymerization can be used. 

The polymer includes but is not limited to any polymer 
generated by solution polymerization, for example butadiene 
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rubber, isoprene rubber, styrene • butadiene copolymers such 
as styrene • butadiene rubber, styrene • isoprene copolymers 
such as styrene • isoprene rubber, ethylene • a-olef in copolymer 
rubber, ethylene •a-olef in-series copolymers such as ethylene 
• a-olef in •non-con jugateddiene copolymer rubber, butyl rubber, 
styrene • butadiene • styrene block copolymer, hydrogenated 
styrene • butadiene • styrene block copolymer, butadiene resin 
or acrylic resin . Among them, preferable are butadiene rubber, 
styrene • butadiene rubber, styrene • butadiene • styrene block 
copolymer, and hydrogenated styrene • butadiene • styrene block 
copolymer. 

For efficient solvent removal, the temperature of the 

polymer solution is 0 to 150 ""C, preferably 30 to 100 "^C in 
particular. 

For efficient solvent removal, the number average 
molecular weight (Mn) of the polymer is 5,000 to 5,000,000, 
particularly 20, 000 to 1, 000, 000, preferably 50, 000 to 500, 0 00. 

Further, the solvent type is with no specific limitation. 
The solvent type includes solvents for general use in solution 
polymerization, for example alicyclic hydrocarbon solvents such 
as cyclohexane, cyclopentane, and cycloheptane; aromatic 
hydrocarbon solvents such as toluene, xylene, and benzene; 
aliphatic hydrocarbon solvents such as n-hexane, n-pentane, 
isopentane, n-heptane, n-octane, and n-decane; and halogenated 
hydrocarbon solvents such as dichloromethane . Among them. 



preferable are n-hexane, n-pentane, cyclohexane and toluene. 
The solvent is satisfactorily a single one solvent type or a 
mixture solvent containing two or more solvents. 

The solvent has a boiling point of 25 to 180 at a pressure 
of 0.1 MPa, particularly 60 to 120 at the pressure. A solvent 
with a boiling point within the range readily become azeotropic 
with water during solvent removal, so that the solvent can 
sufficiently be removed more readily. 

Further, the viscosity of the polymer solution for solvent 
removal is with no specific limitation and is 0.001 to 300 Pa 
• s, particularly 0.005 to 200 Pa • s, preferably 0.01 to 100 
Pa • s. 

The content of the polymer is with no specific limitation. 
In case that the polymer solution is defined as 100 % by mass, 
the polymer is at 0.1 to 80 % by mass, particularly 1 to 50 % 
by mass, preferably 5 to 30 % by mass. When the content is too 
excess, the tube and the like may sometimes be occluded- When 
the content is too small, it is not preferable from the standpoint 
of efficient polymer recovery. 

A part of the '"steam" is fed into the tube for transferring 
polymer solution to the tank for removing solvent. In the tube, 
the steam and the polymer solution are in contact with each other, 
so that the solvent is vaporized. When the polymer solution 
is charged in the gas phase part in the upper part of the tank 
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for removing solvent, a part of the vaporized solvent is separated 
from the polymer, so that the solvent is removed. (After the 
polymer solution is in contact with steam in the manner described 
above, the solution turns into a gas-liquid-solidmixture . Such 
mixture is also called as polymer solution. Additionally, the 
tube for transferring polymer solution transfers the 
gas-liquid~solidmixture after the polymer solution is in contact 
with steam. The part of the tube is also referred to as tube 
for transferring polymer solution.) Further, polymer with a 
small amount of residual solvent falls down into the liquid phase 
part in the lower part of the tank for removing solvent, where 
the polymer is mixed in the liquid phase part . By steam stripping 
with the residual steam feed into the liquid phase part, then, 
the solvent in the polymer is further removed. As described 
above, solvent can be removed efficiently by the process of 
feeding steam to the tube, the bottom of the tank for removing 
solvent and the like . For example, the concentration of residual 
solvent can be reduced efficiently to 3 % by mass or less, 
particularly 2 . 5 % by mass or less, preferably 2 % by mass or 
less by such solvent removal. 

Herein, the structure of the tube for transferring polymer 
solution to the tank for removing solvent is not specifically 
limited. As shown in Fig.l, for example, gas-liquid mixer 21 
of which an enlarged apparent view is shown in Fig . 2 can be arranged 
in tube 2 for transferring polymer solution. In case that the 



17 



gas-liquid mixer 21 is arranged in the tube 2 for transferring 
polymer solution in such manner, steam is fed from steam feed 
tube 212 for gas-liquid mixer into the polymer solution inside 
the gas-liquid mixer 21, to sufficiently put the polymer and 
steam in contact with each other, so that the polymer is modified 
into crumb of a diameter of several millimeters, particularly 
about 4 to 7 mm. Thus, preferably, solvent removal can be done 
more efficiently. 

Furthermore, warm water is preferably fed into the polymer 
solution before steam is put in contact with the polymer solution 
in the tube. In such manner, subsequent contact efficiently 
between steam and the polymer solution can be improved to enable 
more efficient solvent removal. As to the position where warm 
water should be fed, any position located before the position 
where steam and the polymer solution are put in contact with 
each other is satisfactory, with no specific limitation. As 
shown in Fig. 28, for example, warm water can be fed from warm 
water source 22 through warm water feed tube 221 to the tube 
2 for transferring polymer solution with feed devices such as 
pump (not shown in the figure) . The feeding position is more 
preferably close to the position where steam and the polymer 
solution are put in contact with each other. 

The pressure and temperature of the steam to be fed to 
the tubes have no specific limitation, unless the advantages 
of the invention are deteriorated. Preferably, the pressure 
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is 0.1 to 10 MPa, particularly 0.2 to 2 MPa on a gauge pressure 
basis, while the temperature is preferably 110 to 420 ^C, 
particularly 140 to 300 ''C. 

The amount of the steam to be fed into the tube is 0.5- 
to 2-folds, particularly 0.7- to 1.5-folds, preferably 0.8- to 
1.2-folds of the calculated amount thereof required for the 
evaporation of the solvent. Preferably, the amount thereof is 
substantially the theoretical amount (0.9- to 1.1-fold the 
calculated amount thereof) . Herein, the theoretical amount 
means the amount of steam with calories (total of whole latent 
heat and whole sensible heat) required for evaporating solvent. 
The steam to be fed into the tube readily separates solvent when 
the polymer solution is charged from the tube into the tank for 
removing solvent, to sufficiently reduce residual solvent in 
the recovered polymer, together with the solvent removal by steam 
stripping in the tank for removing solvent. The theoretical 
amount of steam required for evaporating (vaporizing) solvent 
varies, depending on the solvent type, the temperature of polymer 
solution to be fed, and the like. Generally, the calculated 
amount is 0.2 to 0.4 in mass ratio to the solvent- In case of 
cyclohexane, for example, the calculated amount is about 0.25 
to 0.32. 

In case that the whole amount of steam is defined as 100 % 
by mass, the steam to be fed into the tube is preferably at 10 
to 90 % by mass, although the amount of the steam varies, depending 
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on the solvent type and the number of units of the tank for removing 
solvent . The amount of steam to be fed into the tube is preferably 
close to the calculated amount required for evaporating solvent. 
In case that the whole amount of steam is large as 100 parts 
by mass or more per 100 parts by mass of the solvent, the ratio 
of the amount of steam to be fed into the tube is decreased. 
When the whole amount of steam is small (less than 100 parts 
by mass) , the ratio of the amount of steam to be fed into the 
tube is increased. Specifically, in case that the whole amount 
of steam is large as 100 parts by mass or more per 100 parts 
by mass of the solvent, 10 to 50 % by mass, particularly 15 to 
40 % by mass in 100 % by mass of the whole steam amount is preferably 
fed into the tube. In case that the' whole amount of steam is 
small (less than 100 parts by mass) than that of the solvent, 
alternatively, 20 to 90 % by mass, particularly 30 to 80 % by 
mass in 100 % by mass of the whole steam amount is preferably 
fed into the tube. 

The total amount of steam to be fed into the tube or the 
gas-liquid mixer and the tank for removing solvent varies 
depending on the solvent type, the intended concentration of 
residual solvent, and the like. When the solvent contained in 
the polymer solution is defined as 100 parts by mass, the total 
amount of steam is preferably 50 to 200 parts by mass, particularly 
preferably 60 to 150 parts by mass in case of a single one unit 
of the tank for removing solvent. When the total amount of steam 
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is less than 50 parts by mass, sufficient solvent removal is 
unlikely to occur. In case that two or more units (generally, 
three units or less) of the tank for removing solvent are arranged 
in connection and steam stripping is carried out in the individual 
unit tanks, the whole amount of steam can be reduced, so that 
the total amount of steam can be reduced to 30 to 100 parts by 
mass, particularly 30 to 70 parts by mass. When the total amount 
of steam is less than 30 parts by mass, sufficient solvent removal 
is unlikely to occur. 

In case of feeding warm water into the tube for transferring 
polymer solution, the amount of warm water to be fed is not 
specifically limited by the kinds of the polymer, the solvent 
and the like . The amount thereof canbe 0 . 1- to 2-fold, preferably 
0.2- to one-fold in mass ratio that of the polymer solution. 
The temperature of the warm water is satisfactorily the 
temperature of the polymer solution or higher, with no specific 
limitation. Generally, the temperature is 60 to 110 °C, 
preferably 70 to 100 °C. 

The method for removing solvent from polymer solution in 
accordance with the invention can be practiced with an apparatus 
for removing solvent, which is equipped with at least one member 
of a partition member, a sprinkler, and a specific flush nozzle 
structure as described below . Further, a member for suppressing 
crumb dispersion can be mounted on the specific flush nozzle 
structure. Additionally, at least one of a partition member. 
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a sprinkler, and a specific flush nozzle structure, and a member 
for suppressing crumb dispersion can individually be used in 
combination with the warm water feed. 

Further, in the method for removing solvent, only single 
unit of the tank for removing solvent is suffice for efficient 
solvent removal - However, additional tanks for removing solvent 
may be arranged in communication with the tank for removing 
solvent where a polymer solution is charged, for multi-step 
solvent removal. In this case, solvent can be removed 
efficiently as a whole by adjusting the pressure of a tank charged 
with a solvent-containing polymer having a smaller solvent 
content on the side of a latter step to a pressure higher than 
the pressure of a tank in a former step. 

The apparatus for removing solvent in accordance with the 
invention includes a tank for removing solvent, a tube for 
transferring polymer solution to transfer the polymer solution 
to the tank for removing solvent, having one end opened in the 
tank for removing solvent,, a steam feed tube for piping in 
communication with the tube for transferring polymer solution 
having to feed steam to the tube, and a steam feed tube for tank 
having one end opened in the tank for removing solvent. 

Additionally, a gas-liquid mixer may be arranged in the 
tube for transferring polymer solution. Into this gas-liquid 
mixer, steam feed into the tube for transferring polymer solution 
is fed or steam is fed from a steam feed tube in communication 
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with the gas-liquid mixer. As the gas-liquid mixer, any 
gas-liquid mixer is satisfactory with no specific limitation, 
as long as the mixer has a function to mix steam with polymer 
solution. However, such gas-liquid mixer at higher mix 
efficiency is preferable. 

Herein, the individual steam feed tubes described above 
are separately connected to a steam source. Steam feed devices 
such as pump for transferring steam from the steam source into 
the individual tubes are arranged. Steam may be transferred 
and fed due to the difference in pressure between the steam source 
and each of the units to be fed with steam. 

Further, the polymer solution is fed from a polymerization 
tank or an intermediate tank for storing polymer solution and 
transferred in the tube for transferring polymer solution. The 
polymerization tank and the intermediate tank are individually 
arranged with an agitation unit such as. agitation wing for 
agitating the inside of the individual tanks. As such agitation 
wing, agitation wings of the related art, for example, a disk 
turbine wing and a slant puddle wing may be used. Additionally, 
corn cave-type agitation wing 13a in Fig. 13 can preferably be 
used. In case of using the corn cave-type agitation wing, steam 
can be dispersed so well that polymer and steam can be sufficiently 
put in contact with each other, leading to more efficient solvent 
removal and the reduction of the amount of steam required for 
solvent removal. 
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As shown in Figs. 4 and 5, partition member 101 can be 
arranged in the tank for removing solvent so as to partition 
the gas phase part thereof into an upper part and a lower part. 
The partition member is generally arranged downward the position 
where a flush nozzle arranged in communication with the tube 
for transferring polymer solution is opened. In this case, the 
whole of the partition member may be positioned downward the 
position where the flush nozzle is opened. Otherwise, a part 
or the whole of the flush nozzle may be overlapped with the 
partition member in the upper side thereof in the vertical 
direction from the positional standpoint. Further, the 
partition member 101 has opening 1011 at least on the center 
part thereof. From the opening, crumb falls down to the liquid 
phase part. Alternatively, steam and solvent ascend toward the 
top of the tank from the opening if the opening and the partition 
member are opened into the inner wall of the tank. The shape 
of the partition member 101 should be just a shape to readily 
make crumb fall down toward the liquid phase part, with no 
specific limitation. However, the shape is preferably for 
example a corn shape slanting downward from the side of the inner 
wall of the tank 1 for removing solvent toward the side of the 
center thereof. In this case, the slanting angle is not 
specifically limited. Preferably, the angle is 10 to 60 
particularly 20 to 50 ° to the cross-sectional face of the tank 
1 for removing solvent. 
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The shaft of agitation wing is inserted through the opening 

1011. 

Preferably^ the partition member 101 has an opening only 
on the center part but no opening on the side of the inner wall. 
When the partition member has an opening only on the center part, 
convection current of steam and solvent in the tank can be 
suppressed, so that steam and solvent can efficiently be 
recovered from the upper part of the tank, particularly the top 
thereof. As shown in Figs. 6 and 7, for example, the partition 
member with an opening only at the center part can be formed 
by arranging partition plate 1012 of a disk shape between the 
periphery of a partition member of a corn type and the like and 
the inner wall of the tank, and the like. 

The material of the partition member is with no specific 
limitation. The partition member can be formed from metals, 
resins and the like . As themetals, stainless steel andaluminium 
can be used. As the resins, resins with great solvent resistance 
and high thermal resistance with no occurrence of deformation 
and the like at the temperature for solvent removal can be used, 
which are for example fluororesin, polyamide resin, and polyester 
resin. The fluororesin includes for example 

polytetraf luoroethylene and f luorinated ethylene polypropylene 
copolymer. The polyamide resin includes for example polyamide 
6 and polyamide 66. The polyester resin includes for example 
polyethylene terephthalate and polyethylene naphthalate. 
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Among these resins, fluororesin with good solvent resistance, 
thermal resistance and release properties is particularly 
preferable . 

Partition members of metals, resins and the like may be 
used as they are. So as to suppress crumb adhesion, however, 
these partitionmembers preferably have a property of suppressing 
polymer adhesion . The property of suppressing polymer adhesion 
can be given by forming a layer of a resin with excellent release 
properties such as fluororesin, at least on the upper face of 
a partition member made of metals and the like. Further, a 
partition member with a property of suppressing polymer adhesion 
can be prepared by forming the partition member, using a material 
with excellent release properties such as fluororesin. 

A sprinkler may be arranged inside the tank to sprinkle 
warm water so as to suppress crumb adhesion or so as to make 
deposited crumb fall down to the liquidphase part . The sprinkler 
is generally arranged upper than the position where the flush 
nozzle is opened in the gas phase part of the tank for removing 
solvent, so that warm water is sprinkled below the tank for 
removing solvent ( j ust underneath or obliquely downwardly toward 
the inner wall face of the tank or toward the inner side of the 
tank) . Via warm water sprinkled from the sprinkler, crumb can 
securely fall down toward the liquid phase part and crumb 
deposited on the inner wall face of the tank, the upper face 
of the partition member and the like can fall down to the liquid 
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phase part. Warm water is preferably sprinkled uniformly on 
the cross-sectional face of the tank for removing solvent. The 
sprinkler preferably has such a structure to enable such 
sprinkling. The temperature of warm water is with no specific 
limitation. The temperature is preferably not less than a 
temperature inside the tank for removing solvent [Tt (°C) ] , 
particularly Tt to (Tt + 5) more preferably Tt to (Tt + 10) 

The sprinkler is arranged so as to protrude from the side 
of the warm water inlet into the tank, and has opened slits 
(continuous slits over the whole length of the sprinkler or plural 
slits of a specific length)., holes (any shape of circle, oblong 
or polygon or the like, with no specif ic limitation to the shape) 
and the downwardly to the tank for removing solvent. The plane 
shape thereof is with no specific limitation. Preferably, the 
sprinkler is capable of uniformly sprinkling warm water over 
the whole periphery of the inner wall face of the tank. Figs. 
8 and 9 show an example of ring sprinkler 102 protruding from 
the side of the warm water inlet in the tank equipped with a 
sprinkling port . Figs. 10 and 11, additionally, show an example 
of sprinkler 102 protruding in a semi-arc shape (both the ends 
are closed) from the side of the warm water inlet in the tank 
equipped with a sprinkling port. The sprinkler may be in a 
character C shape (both the ends are closed) protruding from 
the side of the warm water inlet in the tank, where the sprinkler 
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partially wanes on the side opposite to the side of the warm 
water inlet . As described above, the structure of the sprinkling 
port is with no specific limitation. The port is preferably 
a slit arranged to sprinkle warm water beneath the sprinkler 
(just underneath or obliquely downwardly toward the inner wall 
face of the tank or toward the inner side of the tank) . The 
sprinkling port 102 may be plural holes arranged at an appropriate 
interval along the peripheral direction. Further, the sprinkler 
102 is particularly, useful when arranged in combination with 
partition member 101 equipped with partition plate 1012 as shown 
in Figs. 12 and 13. As such arrangement in combination, crumb 
adhesion on the upper face of the partition member 101 can 
sufficiently be suppressed. 

Additionally, the fall of crumb down to the liquid phase 
part can be promoted with a specific flush nozzle structure to 
reduce the flush speed of the polymer solution discharged from 
the flush nozzle arranged in communication with the tube for 
transferring polymer soluti on. Further, the flow of the solvent 
vapor down to the side of the liquid phase can be suppressed 
with the specific flush nozzle structure. . 

The flush nozzle structure includes for example a flush 
nozzle with a branch tube on the side of the tip end. The branch 
tube includes for example inverted Y character tube 201 on the 
tip end of a flush nozzle as shown in Fig. 14, and inverted T 
character tube 202 on the tip end of a flush nozzle as shown 
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in Fig. 15. In case of the inverted T character tube, the tube 
has (1) a structure with sLit 2021, holes or the like opened 
toward the downward portion of the tank for removing solvent 
on both the sides of a cross tube (the left and right are closed) 
or (2) a structure (tournament structure) with vertical tubes 
arranged downwardly in contiguous with the left and right ends 
of the cross tube. In these flush nozzle structures, polymer 
solution collides against the tube wall at the branch part or 
the diameter of the flush port is made larger than the diameter 
of the tube, so that the flush speed is suppressed and the 
dispersion of the polymer solution to be flushed can be 
suppressed. 

Still another example of the flush nozzle structure is 
a structure with at least cylinder 203 opened toward the downward 
portion of the tank for removing solvent, and flush nozzle 204 
arranged in communication with the tube for transferring polymer 
solution and opened along the direction of the diameter of the 
cylinder in the vicinity 2031 of the inner wall face of the cylinder 
body, as shown in Figs . 16 and 17 . In the flush nozzle structure 
of this cyclone type, flushed crumb descends on the inner wall 
face of the cylinder while the crumb draws a spiral curve, to 
suppress the flush speed and more securely make crumb fall down 
to the liquid phase part. 

The flush nozzle may be arranged in contact with the inner 
wall face of the cylinder or the flush nozzle may be opened at 
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a position apart from the inner wall face within a range such 
that crumb can descend on the inner wall face of the cylinder 
while the crumb draws a spiral curve. 

Another example of the flush nozzle structure is a structure 
such that an opening is arranged toward the downward portion 
of the tank for removing solvent on spiral tube 205 formed in 
a spiral shape along the vertical direction of the tank 1 for 
removing solvent, as shown in Figs. 18 and 19. In case of the 
flush nozzle of the spiral type, the opening may also be a slit 
or plural holes arranged at an appropriate interval along the 
peripheral direction . 

A still another example of the flush nozzle structure is 
baffle 2061 arranged in the inside of large-diameter tube 206 
arranged on the tip end of the flush nozzle, as shown in Figs. 
20 and 21. In the flush nozzle structure, the flush speed is 
suppressed and crumb dispersion is also suppressed owing to the 
collision of the polymer solution against the baffle and the 
tip end of the large-diameter tube. Because the baffle is 
arranged in the inside of the large-diameter tube, additionally, 
crumb dispersion is suppressed more effectively with the 
large-diameter tube. Further, by adjusting the length and 
opening diameter of the large-diameter tube and the position 
of the baffle along the vertical direction, dispersed crumb never 
deposits on the inner wall of the tank so that the whole amount 
can fall down toward the liquid phase part. The large-diameter 
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tube may be of a constant diameter over the whole length or may 
be of an enlarging diameter toward the lower part thereof. In 
case of the enlarging diameter^ crumb dispersion can be adjusted, 
depending on the angle of the enlargement. 

Further, another example of the flush nozzle structure 
is a curved tube with a curved tube part (see Fig. 25 below) which 
is arranged on the tip end of the flush nozzle. In the flush 
nozzle structure, the flush speed is suppressed by the collision 
of the polymer solution against the tube wall at the curved tube 
part and the tip end of such large diameter. The dispersion 
of the polymer solution flushed can be suppressed. 

The various flush nozzle structure types described above 
may be of a structure arranged with a member for suppressing 
crumb dispersion. The member for suppressing crumb dispersion 
is arranged so as to sandwich or enclose the flush nozzle structure 
and is opened toward the downward portion of the tank for removing 
solvent. In such manner, crumb dispersion can be suppressed 
more, and crumb adhesion onto the inner wall face of the tank 
can sufficiently be suppressed. 

In case that the flush nozzle structure is a branch tube, 
a skirt member arranged in a way to enclose the branch tube part 
and opened along the downward portion is listed as the member 
for suppressing crumb dispersion . The distance between the wall 
surfaces opposite to each other in the skirt member may be constant . 
However, a skirt member enlarging at an appropriate angle toward 
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the downward portion of the tank for removing solvent is more 
preferable. The angle of the enlargement is with no specific 
limitation. However^ taking account of the distance from the 
flush nozzle to the liquid phase part, the diameter of the tank 
for removing solvent and the like, the angle may more preferably 
be an angle at which dispersed crumb can fall down to the liquid 
phase part with no adhesion of dispersed crumb on the inner wall 
face of the tank. 

Still another example of the member for suppressing crumb 
dispersion is at least a pair of plates arranged in an opposite 
manner to each other to sandwich the branch part from both the 
sides thereof and opened downwardly. The interval of a pair 
of individual plates may be equal throughout. The interval may 
preferably be enlarged at an appropriate angle toward the 
downwardness of the tank for removing solvent. The angle of 
the enlargement is with no specific limitation. Taking account 
of the distance from the flush nozzle to the liquid phase part, 
the diameter of the tank for removing solvent and the like, the 
angle may more preferably be an angle at which dispersed crumb 
can fall down to the liquidphase part with no adhesion of dispersed 
crumb on the inner wall face of the tank. 

A specific example of such member for suppressing crumb 
dispersion as arranged on the flush nozzle structure in 
combination is inverted T character tube 202 arranged on the 
side of the tip end of the flush nozzle, on which skirt member 
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301 is arranged in a manner to be opened toward the downwardness 
of the tank for removing solvent, as shown in Figs. 22 and 23. 
Owing to the skirt member to suppress crumb dispersion and the 
adjustment of the enlarging angle, almost the whole amount of 
dispersed crumb can fall down to the liquid phase part with no 
adhesion thereof on the inner wall face of the tank. 

Another specific example of such member for suppressing 
crumb dispersion is large-diameter tube 302 of a larger diameter 
than those of individual branch tubes as arranged on the tip 
ends of the individual branch tubes 2022 of inverted T character 
tube 202 with branch tubes, as shown in Fig. 24. Owing to the 
large-diameter tube to suppress crumb dispersion and the 
adjustment of the length and opening diameter of the 
large-diameter tube, almost the whole amount of dispersed crumb 
can fall down to the liquid phase part with no adhesion thereof 
on the inner wall face of the tank. The large-diameter tube 
may be of a constant diameter over the whole length or may have 
a- diameter enlarging downwardly. In case of the enlarging 
diameter, crumb dispersion can be adjusted, depending on the 
enlarging angle. 

Still another example of such member for suppressing crumb 
dispersion is large-diameter tube 2071 arranged on the tip end 
of the flush nozzle structure in case that the nozzle structure 
is curved tube 207, as shown in Fig. 25. Owing to the 
large-diameter tube, the crumb dispersion is suppressed and by 
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the adjustment of the length and opening diameter of the 
large-diameter tube, almost the whole amount of dispersed crumb 
can fall down to the liquid phase part with no adhesion thereof 
on the inner wall face of the tank for removing solvent. The 
large-diameter tube may be of a constant diameter over the whole 
length or may have a diameter enlarging downwardly. In case 
of the enlarging diameter, crumb dispersion can be adjusted, 
depending on the enlarging angle. In Fig. 25, herein, a curved 
tube with two curved parts bent approximately at a right angle. 
However, the curve may not necessarily be a right angle. 
Depending on the suppression level of the flush speed, the curve 
may have an appropriate angle. Further, the angles of the two 
curved tube parts may be the same or different. 

Still another example of such member for suppressing crumb 
dispersion is a flush nozzle formed of large-diameter flush tube 
303 arranged on the tip end of the tube for transferring polymer 
solution, as shown in Figs. 26 and 27. In the flush nozzle, 
by the adjustment of the length and opening diameter of the 
large-diameter flush tube almost the whole amount of dispersed 
crumb can fall down to the liquid phase part with no adhesion 
thereof on the inner wall face of the tank. The flush tube may 
be of a constant diameter over the whole length or may have a 
diameter enlarging downwardly. In case of the enlarging 
diameter, crumb dispersion can be adjusted, depending on the 
enlarging angle. 
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For the apparatus for removing solvent in accordance with 
the invention, all combinations of the various constitutional 
members described above, namely [1] gas-liquid mixer, [2] 
partition member, [3] sprinkler and [4] flush nozzle structure 
(despite the presence or absence of the member for suppressing 
crumb dispersion) can be used. The apparatus of the invention 
includes, for example, (1) an apparatus for removing solvent 
arranged with a partition member, a sprinkler or a specific flush 
nozzle structure without having any gas-liquid mixer; (2) an 
apparatus for removing solvent arranged with any combination 
of two of a partition member, a sprinkler and a specific flush 
nozzle structure, without having any gas-liquid mixer; and (3) 
an apparatus for removing solvent arranged with a combination 
of a partition member, a sprinkler and a specific flush nozzle 
structure, without having any gas-liquid mixer . Additionally, 
the apparatus includes for example (4) an apparatus for removing 
solvent with a gas-liquid mixer, as arranged with a partition 
member, a sprinkler or a flush nozzle structure; (5) an apparatus 
for removing solvent with a gas-liquid mixer, as arranged with 
any combination of two of a partition member, a sprinkler and 
a flush nozzle structure; and (6) an apparatus for removing 
solvent for removing solvent with a gas-liquid mixer, as arranged 
with a partition member, a sprinkler and a flush nozzle structure . 
In individual cases of (1) , (2), (3), (4), (5) and ( 6) , the specif ic 
flush nozzle structure may be any of branch tubes of the inverted 
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Y character type and inverted T character type, cyclone-type 
flush nozzle, spiral-type flush nozzle, a flush nozzle arranged 
with a baffle inside a large-diameter tube arranged on the tip 
end of the flush nozzle, and a flush nozzle composed of a curved 
tube with a curved tube part on the tip end thereof, as described 
above. In case that such specific flush nozzle structure is 
arranged, further, a member for suppressing crumb dispersion 
may be arranged on the flush nozzle structure. The member for 
suppressing crumb dispersion may be any of the skirt member and 
the various large-diameter tubes described above. Depending 
on the constitution of the flush nozzle structure, an appropriate 
member for suppressing crumb dispersion can be arranged. 

For the apparatus for removing solvent in accordance with 
the invention, a unit for feeding warm water with a warm water 
feed device (not shown in the figure) such as pump from a source 
for feeding warm water through a warm water feed tube to the 
tube for transferring polymer solution can be used. Further, 
the unit for feeding warm water can be used in combination with 
all combinations of the various constitutional members described 
above, namely [1] gas-liquid mixer, [2] partition member, [3] 
sprinkler and [4] flush nozzle structure (despite the presence 
or absence of the member for suppressing crumb dispersion) . In 
this case, the unit for feeding warm water is preferably used 
in combination with the gas-liquid mixer. Additionally, the 
unit for feeding warm water may be used in combination with each 
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of (1), (2), (3), (4), (5) and (6). To the position where warm 
water is fed, the amount of warm water to be fed, the mass ratio 
of warm water to polymer solution, and the temperature of warm 
water, the descriptions above can be applied as they are. 

The apparatus for removing solvent and the method for 
removing solvent for use in removing solvent from polymer 
solution in accordance with the invention are now exemplified 
and described hereinbelow, using Fig . 1 depicting them as a series 
of systems . 

Polymer tank 4 is a polymerization tank or an intermediate 
tank for storing polymer solution and is generally equipped with 
agitation wing 41 for polymer tank (motor is marked with 42) . 
Polymer solution is supplied from polymer tank 4 with pump 5 
and measured with flow meter 6, so that a given amount of polymer 
solution is transferred in tube 2 for transferring polymer 
solution. As the pump, quantitative pump is used. The 
quantitative pump includes for example gear pump, diaphragm pump 
and plunger pump. 

Herein, warm water can be fed to the tube 2 for transferring 
polymer solution via warm water feed tube 221 so as to put steam 
and polymer solution efficiently in contact with each other to 
further improve the efficiency of solvent removal, as shown in 
Fig. 28. 

Subsequently, the polymer solution is fed to gas-liquid 
mixer 21 as shown in Fig. 2; in the inside of the gas-liquid mixer 
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21, steam feed from steam source 211 for gas-liquid mixer via 
steam feed tube 212 for gas-liquid mixer is put sufficiently 
in contact with polymer solution, so that the solvent is vaporized, 
while the polymer is modified into crumb. When the solution 
is charged in the gas phase part of the tank 1 for removing solvent, 
the vaporized solvent is separated from the polymer. 
Subsequently, the crumb falls down to and is mixed in the liquid 
phase part of the tank 1 for removing solvent, while the liquid 
phase part is agitated with agitation wing 13 for the tank for 
removing solvent (motor is marked with 14) . In the liquid phase 
part, additionally, solvent removal is done by steam stripping 
with steam feed from steam source 11 for the tank for removing 
solvent. The polymer after solvent removal is drawn from the 
tank 1 for removing solvent and is transferred in the tube 3 
for transferring recovered polymer , for recovery. From the top 
of the tank 1 for removing solvent, the solvent removed from 
the polymer solution is recovered through tube 15 for recovering, 
solvent, is cooled with cooler 7 for liquefaction, and is then 
transferred into decanter 8. In the decanter 8, the solvent 
is separated from solids, and is then purified and subsequently 
recovered. 

The steam to the liquid phase part in the tank 1 for removing 
solvent may be fed from the bottom part of the tank 1 for removing 
solvent or may be fed from a side part thereof. In the tank 
1 for removing solvent, the opening of the steam feed tube 12 
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for the tank for removing solvent may be of a simple form such 
that the tube itself is opened. Otherwise, the opening may be 
of a structure from which steam can be fed at a higher speed. 
The structure may be for example a structure composed of numerous 
holes of a smaller diameter than the diameter of the tube, as 
arranged and opened in a ring form in particular- The structure 
may be for example a structure composed of plural capillaries 
of a smaller diameter than the diameter of the tube, as opened 
in the same direction, particularly along the peripheral 
direction of the tank 1 for removing solvent. 

Brief Description of the Drawings 

Fig.l is a schematic view of an apparatus used for the 
assessment of solvent removal. 

Fig. 2 is a plane view depicting one example of the 
gas-liquid mixer. 

Fig. 3 is a perspective view of an agitation wing of corn 
cave type, as arranged in the tank for removing solvent. 

Fig. 4 is an explanatory view depicting the vertical 
sectional view of a tank for removing solvent, where a partition 
member is arranged so as to partition the gas phase part into 
upper and lower parts. 

Fig. 5 is an explanatory view of the cross sectional view 
of a tank for removing solvent, where a partition member is 
arranged so as to partition the gas phase part into upper and 
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lower parts. 

Fig. 6 is an explanatory view depicting the vertical 
sectional view of a tank for removing solvent, where a partition 
plate is additionally arranged in the partition member in Figs. 
4 and 5. 

Fig . 7 is an explanatory view depicting the cross- sectional 
view of a tank for removing solvent, where a partition plate 
is additionally arranged in the partition member in Figs. 4 and 
5. 

Fig. 8 is an explanatory view depicting the vertical 
sectional view of a sprinkler in a ring shape, which protrudes 
from the side of warm water feed inlet into the tank for removing 
solvent. 

Fig. 9 is an explanatory view depicting the cross-sectional 
view of a sprinkler in a ring shape, which protrudes from the 
side of warm water feed inlet into the tank for removing solvent. 

Fig. 10 is an explanatory view depicting the vertical 
sectional view of a sprinkler in a semi-arc shape, which protrudes 
from the side of warm water feed inlet into the tank for removing 
solvent . 

Fig. 11 is an explanatory view depicting the cross- 
sectional view of a sprinkler of a semi-arc shape, which protrudes 
from the side of warm water feed inlet into the tank for removing 
solvent . 

Fig. 12 is an explanatory view depicting the vertical 
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sectional view of the tank for removing solvent in Figs. 6 and 
1 , which is additionally arranged with a sprinkler. 

Fig. 13 is an explanatory view depicting the 
cross-sectional view of the tank for removing solvent in Figs. 6 
and 1, which is additionally arranged with a sprinkler. 

Fig. 14 is an explanatory view depicting inverted Y 
character tube as a specific flush nozzle structure. 

Fig. 15 is an explanatory view depicting inverted T 
character tube as a specific flush nozzle structure. 

Fig. 16 is an explanatory view depicting the vertical 
sectional view of a tank for removing solvent, which is arranged 
with a flush nozzle structure of cyclone type. 

Fig. 17 is an explanatory view depicting the 
cross-sectional view of a tank for removing solvent, which is 
arranged with a flush nozzle structure of cyclone type. 

Fig. 18 is an explanatory view depicting the vertical 
sectional view of a tank for removing solvent, which is arranged 
with a flush nozzle structure of spiral type. 

Fig. 19 is an explanatory view depicting the 
cross-sectional view of a tank for removing solvent, which is 
arranged with a flush nozzle structure of spiral type. 

Fig. 20 is an explanatory view depicting the vertical 
sectional view of a flush nozzle structure in which a baffle 
is arranged inside a large-diameter tube arranged on the tip 
end. 
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Fig. 21 is an explanatory view depicting the 
cross-sectional view of a flush nozzle structure in which a baffle 
is arranged inside a large-diameter tube arranged on the tip 
end . 

Fig. 22 is an explanatory view of a structure viewed from 
the front face, such that a skirt member as amember for suppressing 
crumb dispersion is arranged on a T character tube as a specific 
nozzle structure to sandwich an opening arranged downwardly. 

Fig. 23 is an explanatory view of a structure viewed along 
the cross direction, such that a skirt member as a member for 
suppressing crumb dispersion is arranged on a T character tube 
as a specific nozzle structure to sandwich an opening arranged 
downwardly. 

Fig. 24 is an explanatory view depicting a structure in 
which a large-diameter tube as a member for suppressing crumb 
dispersion is arranged on the individual branch tubes of an 
inverted T character tube as a specific flush nozzle structure. 

Fig . 25 is a perspective view depicting a structure in which 
a large-diameter tube as a member for suppressing crumb 
dispersion is arranged on the tip end of a curved tube as a specific 
nozzle structure. 

Fig. 26 is an explanatory view depicting the- vertical 
sectional view of a tank for removing solvent having a flush 
nozzle equipped with a large-diameter flush tube on the tip end 
thereof . 
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Fig. 27 is an explanatory view depicting the 
cross-sectional view of a tank for removing solvent having a 
flush nozzle equipped with a large-diameter flush tube on the 
tip end thereof. 

Fig. 28 is an explanatory view of an enlarged view of a 
warm water feed source and a warm water feed tube. 

Fig. 29 shows graphs depicting the correlation between the 
amount of steam feed into the gas-liquid mixer and the 
concentration of residual solvent. 

Best Mode for Carrying out the Invention 

[1] Examination of residual solvent concentration in case of 
changing the whole steam amount to solvent and changing the ratio 
of individual amounts of steam feed to gas-liquid mixer and to 
tank for removing solvent 

Experimental Example 1 (Examples 1 through 4 and Comparative 
Examples 1 and 2) 

Using a mixture solvent of 90 % by mass of cyclohexane 
and 10 % by mass of n-heptane as a reaction solvent, a polymer 
solution (at temperature of 60 °C) containing styrene • butadiene 
copolymer (styrene content; 10 % by mass) at 20 % by mass, as 
obtained by copolymerizing styrene and butadiene together using 
n-butyl lithium as a polymerization initiator was treated for 
solvent removal with the apparatus shown in Fig. 1 . Specifically, 
transferring the styrene • butadiene copolymer solution in 
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polymer tank 4 (made of stainless steel; inner volume of 3 m^) 
under agitation with pump 5 (plunger pump) through tube 2 for 
transferring polymer solution, the copolymer solution was fed 
at a speed of 130 liters/hour to line mixer 21 as a gas-liquid 
mixer arranged inside the tube 2 for transferring polymer 
solution. Simultaneously feeding steam [pressure (gauge 
pressure) of 1 . 2MPa and temperature of 220 °C (the same pressure 
and temperature were used hereinbelow) ] from steam source 211 
to the gas-liquid mixer 21, the solvent was vaporized. 
Subsequently, the polymer solution was charged through the tube 
2 for .transferring polymer solution into the gas phase part of 
the tank 1 for removing solvent (made of stainless steel; inner 
volume of 2 m"^) to remove the solvent. Simultaneously feeding 
steam from steam source 11 for tank for removing solvent from 
the bottom of the tank 1 for removing solvent with steam feed 
tube 12 for tank for removing solvent, the polymer solution was 
further treated by steam stripping for removing solvent . Herein, 
the flush nozzle on the side of the tip end of the tube 2 for 
transferring polymer solution is of the straight tube form of 
the tube 2 for transferring polymer solution as it is. 

Steam was fed as follows. When the solvent contained in 
polymer solution is defined as 100 parts by mass,- the total of 
the amount of steam to be fed to the gas-liquid mixer and the 
amount of steam to be fed to the tank for removing solvent should 
be 100 parts by mass. The individual amounts to be fed were 
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changed as shown in Table 1. In this Experimental Example, the 
theoretical amount of the steam in total to the amount of solvent 
is 0.27. 

The pressure inside the tank for removing tank was 0.04 
MPa on a gauge pressure basis. 

Experimental Example 2 (Examples 5 and 6 and Comparative Examples 
3 and 4) 

Solvent was removed in the same manner as in the 
Experimental Example 1, except that the total of the amount of 
steam to be fed to the gas-liquid mixer and the amount of stem 
to be fed to the tank for removing solvent was 150 parts by mass 
when the solvent contained in polymer solution was defined as 
100 parts by mass and the individual amounts to be fed were changed 
as shown in Table 1. 

Experimental Example 3 (Examples 7 through 9 and Comparative 
Examples 5 and 6) 

Solvent removal was done in the same manner as in 
Experimental Example 1, except for the use of a mixture solvent 
of 90 % by mass of cyclohexane and 10 % by mass of n-heptane 
as a reaction solvent and a polymer solution (at temperature 
of 60 ^^C) containing styrene • butadiene rubber (styrene content; 
35 % by mass) at 15 % by mass, as obtained by copolymerizing 
styrene and butadiene together using n-butyl lithium as a 
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polymerization initiator and except that the total of the amounts 
of steam feed to the gas-liquid mixer and to the tank for removing 
solvent was 70 parts by mass when the solvent contained in the 
polymer solution was defined as 100 parts by mass and the amounts 
thereof individually fed thereto were changed as shown in Table 
1. 

In these Experimental Examples 1 through 3, the term 
concentration of the residual solvent in the polymer after 
solvent removal means the concentration of the solvent in the 
driedpolymer and was determinedby gas chromatography (apparatus 
with FID) . 

The results of Experimental Examples 1 through 3 are also 
shown in Table 1. 

The numerical figures in parenthesis in the columns of 
the amount of steam feed show the ratios (unit; % by mass) of 
individual amounts of steam feed to the gas-liquid mixer and 
to the tank for removing solvent in case that the total amount 
of steam is defined as 100 % by mass. 
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According to the results in Table 1, the concentrations 
of the residual solvent in Examples 1 through 4 in Experimental 
Example 1 were 1 • 7 to 2 . 4 % by mass and were superior to Comparative 
Example 1 at 2 . 9 % by mass and Comparative Example 2 at 3.7 % 
by mass. The concentrations of the residual solvent in Examples 
5 and 6 in Experimental Example 2 were 1.2 to 1.4 % by mass and 
were superior to Comparative Example 3 at 1.6 % by mass and 
Comparative Example 4 at 1.5 % by mass. Further, the 
concentrations of the residual solvent in Examples 7 through 
9 in Experimental Example 3 were 1.7 to 3.0 % by mass and were 
superior to Comparative Example 5 at 3 . 2 % by mass and Comparative 
Example 6 at 3.9 % by mass. It is shown that in case that steam 
was fed at an amount as large as 150 parts by weight as the whole 
amount of steam to solvent as in Experimental Example 2, in 
particular, the concentrations of the residual solvent were 
lower. 

According to Fig. 29 representing the concentration of 
residual solvent in case of changing the steam amount to the 
gas-liquid mixer /whole amount of steam (Sf/St) in Experimental 
Example 2, the concentration of residual solvent is the lowest 
when Sf/St is 0.3. The steam at 0.3, namely of 30 parts by mass 
is a feed amount approximate to the calculated amount required 
for solvent evaporation. It is shown that the concentration 
of residual solvent is larger when Sf/St is a value smaller or 
larger than the value . 
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[2] Examination of concentration of residual solvent due to 
difference in the inner structure of tank for removing solvent 
In the same manner as in Experimental Example 3 except 
for that the whole amount of steam to solvent was defined as 
100 parts by mass; and that the amount of steam feed to the 
gas-liquid mixer was defined as 30 % by mass and the amount of 
steam feed to the tank for removing solvent was defined as 70 % 
by mass, solvent was removed while the inner structure of the 
tank for removing solvent was modified as follows. 
Example 10 

Using a flush nozzle of a straight tube type where the 
end of a tube for transferring polymer solution was used as nozzle 
as it was, a polymer solution was flushed for solvent removal. 
Example 11 

Using a flush nozzle structure of a spiral type where slits 
were arranged on a spiral tube formed in a spiral shape along 
the vertical direction of a tank for removing solvent obliquely 
and downwardly, toward the center part thereof over almost the 
whole length (see Figs. 18 and 19) thereof, a polymer solution 
was flushed for solvent removal. 
Example 12 

Using a flush nozzle where a large-diameter flush tube 
was arranged on the tip end of a tube for transferring polymer 
solution (see Figs. 26 and 27), a polymer solution was flushed 
for solvent removal . 
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Example 13 

Using an apparatus equipped with a corn-type partition 
member (see Figs. 4 and 5) slanting downward (slanting angle; 
45 °) from the side of the inner wall of a tank for removing 
solvent toward the side of the center thereof, as arranged so 
that the gas phase part of the tank for removing solvent might 
be partitioned into upper and lower parts, where a flush nozzle 
was mounted on the upper part of the partition member, a polymer 
solution was flushed for solvent removal. 
Example 14 

Using an apparatus where a diskpartitionplate was arranged 
between the periphery of a corn-type partition member used in 
Example 13 and the inner wall of the tank, to open only the center 
of the partition member and where a flush nozzle was mounted 
on the upper part of the partition member (see Figs. 6 and 7), 
a polymer solution was flushed for solvent removal. 
Example 15 

Using an apparatus equipped with a partition member 
arranged with a disk partition plate as used in Example 14 and 
a flush nozzle mounted on the upper part of the partition member, 
where a sprinkler was arranged on the upper part of the flush 
nozzle (see Figs. 12 and 13) , warm water at the same temperature 
as that of the tank for removing solvent was sprinkled at a flow 
of 400 liters/hour for solvent removal. 
Example 16 



50 



Using an apparatus equipped with a cylinder opened toward 
the downwardness of a tank for removing solvent and a cyclone-type 
flush nozzle structure arranged in communication with a tube 
for transferring polymer solution and opened on the inner wall 
face of the cylinder along the diameter direction of the cylinder 
(see Figs. 16 and 17) , a polymer solution was flushed for solvent 
removal . 

The results of Examples 10 through 16 are shown in Table 
2. Additionally, the status of polymer adhesion on the upper 
face of the partition member was observed visually. The results 
are also shown in Table 2. The status of polymer adhesion was 
assessed on the basis of the following two grades. 

O: polymer adhesion in a thin layer on the upper face of 
partition member. 

A: thick polymer layer formed on the upper face of partition 
member. 



51 



t— . 




OJ 










ci: 




o 


o 




Q, 






O 






O 


zn 




OJ 


CO 




=3 








CT3 













03 



O X— V 

— » :=3 oo 

«j -a e cd 
o e 

C OJ — i 

OJ »— , O X3 

o o ^ 



3 



CD 
E— ' 



CD i: 

CO g 



Si 



ct3 



>> 



Q. 



<] 



CD 



o 



<] 



CD 



X3 



. CD O 



J=2 



<D 



o 



O 



OJ 



<D 



=3 



<D 
Q. 



O 

c-:> 











-a 




<D 


o 


bO 




c: 




c« 




















CD 


o 




o 










"5, 





(D 



(D 



cd 
X 



CO 


d) 




CO 


Jin 


















o 




>1 


4_) 




Q 








T5 




o\o 


M-j 




O 






CO 












•n 








4J 




to 








CO 






fO 




CO 






CO 






n3 


n [ 




cii 


o 






\iJ 






M 






CD 






X« 




CO 


-M 




4-) 








CO 






CO 






















CD 








A4 




CO 


OflP 












O 




Vj 






(U 








(U 




•H 


(—1 




M— 1 


■H 




(1) 






•-T— < 

m> 


•> 




CO 






03 


Q) 




!2 








-H 




4-> 


s 
















> 


•H 






115 




o 






CO 


-H 






1 — 1 




o 


1 




-p 


CO 






fO 






ct* 












(D 






XI 


* 


CO 


-P 


P 








M— ! 


O 


(U 


O 


-P 


J> 






1 — 1 


-M 


•7*t 
(J 


o 




CD 


CO 


— > 






O 










c 






-H 




x: 


> 


OJ 


p 


o 


r-H 






o 


CO 


a; 




m 


M 












M 


o; 


M-l 


o 


x: 


O 






<U 












(U 






x: 






4-) 


-p 



52 



According to the results in Table 2, the concentrations 
of residual solvent were as low as 1 . 3 to 1 . 5 % by mass in Examples 
11 and 12 where the shape of flush nozzle was modified, indicating 
that Examples 11 and 12 were superior to Example 10 with no change 
of the flush nozzle shape. In Example 13 where the corn-type 
partition member was arranged, the more excellent result that 
the concentration of residual solvent was as low as 1.1 % by 
mass was obtained. In Examples 14 and 15 where the partition 
member was arranged and the partition plate was also arranged 
in combination, further, the especially excellent result that 
the concentrations of residual solvent were or extremely low, 
as 0 . 4 % by mass was obtained. In Example 16 using an apparatus 
equipped with a cyclone type flush nozzle structure, the 
excellent result that the concentration of residual solvent was 
extremely reduced to 0 . 7 % by mass was obtained . As to the status 
of polymer adhesion, alternatively, polymer adhesion was reduced 
in Example 15 where a partition member and a sprinkler were 
arranged in combination, which was excellent. In Examples 14 
and 15, the concentrations of residual solvent were equal. As 
to the status of polymer adhesion, however. Example 15 is superior 
in which the corn-type partition member arranged with a partition 
plate is additionally equipped with a sprinkler, demonstrating 
and supporting the effect of such sprinkler. 
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